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Summary: Hoarding pattern studi6d in 28 adult female albino rats indicated cyclic changes in hoarding

corresponding to alterations in estrus cycle. It was observed that the hoarding score was maximl'm

at proestrus ·and the least at diestrus. Animals ovariectomised at prOestrus maintained higher hoarding

score and thOse ovariectGmised at diestrus stablised on lower hoarding score. Progesterone adminis­

tration reduced the sco'e in high-score group and Oestrogen administration improved the score in low

score group, Alterations in ovarian hOrmOne levels were thus observed to influence hoarding pattern

in rats.
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Rodents are known to hoard large quantities of food under different environmental
conditions (14). The tendency to hoard is especially enhanced during chronic food
depivation (13). It was further observed that the sensory consequences resulting from
any of the deficits of food constituents did not alter the hoarding (14).

Hoarding of food by rodents is of particular interest because of its relevance to
many appetitive activities in rats and which are not directed to the immediate alleviation
of a physioloigcal neEd (4). This is an anticir:atory resi=0nse to the possible adverse
situations which may have to be encountered like extrEmes of environmental temperatufes,
nutritional deficiency and pregnancy in future. It is known that the rats hoard large
quantities of food when external temperature falls (14). Long term food deprivation
resulting into cumulative effect of food restriction on the body has a pronounced influence
on hoarding. However, lack of any of the major dietetic constituents or vitamin deficien­
cies brought about experimentally did not enhance the hoarding score (13). Thyroidec­
tomy or administration of thyroid extracts did not alter the hoarding behaviour.

Female rats are known to exhibit cyclic pattern of locomotor activities in the estrus
cycle (3) and alterations in body weight and food intake (7. 17). These animals hoard
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food when deprived and unlike male rats contir,ue hoarding though at a lower rate even

though sufficient food is available (4, 11,15). The hoarding in females has cyclic pattern
related to the cyclic changes observed in estrus cycle. During food deprivation they tend
to hoard more food 8t r::roestrusas compared to the hoarding score at estrus (5), The
present work confirms this report and further indicates that the score is le-ast in diestrus.
It was therefore, planned to elucidate the role of female sex hormones in hoarding in
the female rats

MATERIAL AND METHOD

The study was carried out In 28 adult female albino r-ats (Haffkine strain) weighing
between 170~200 [ms. They exhibited regula estrus cycles of 4 to 5 days duration as

determined by microscopic inspection of vagin-al cytology which was carried out at 9
A.M. every day The mean food intake in all -animals was determined for 10 days before
the experiment in -a separate cage where the animals had free access to food and water.
They were then kept and trained to hoard food by placing them In a cage specially const~

ructed for the purr::ose. This cage consisted of dark home cage 45 ems long, 35 ems
broad and 40 ems high and could te opened on the top whenever necessary, A wooden
partition with gui lIotine door was placed on one side of cage making a partition of about
'5 ems long. Atout 200 food pellets each weighing approximately 5 gms were kept in
this comparmtent and the animals were allowed to have free access and pick up for
purpose" of hoarding these pellets for 30 min at 9-30 in the morning. When trained
to hoard they were obSErved to carry the food pellets to the home cage during this

period. Remaining pellets from the partition cage were removed after 30 min" the number
of pellets hoarded was counted (hoarding score) and the animals were allowed to consume
the food from the hoarded stock for subsequent 90 min, At the end of 90 min the
pellets from the home cage were removed and weighed in order to determine the total
food intake during the period of 2 hr. Water was provided to the animals in the home
cage throughout the 24 hours.

All the animals were randomly grourced into two for purpose of ovariectomy.
In group I of 13 animals bilateral ovariectomy was performed under ether anaesthesia
during proestrus. In the other 10 animals of brouP II the operation was carried out
in diestrus. In sham-operated series consisting of 5 animals the bilateral incision was
taken in both the flanks and ovaries exposed and touched, The abdominal wound was

closed and the hogrding score determined together with the other two experiment'al

groups. It was observed that the animals in group I kept a hightir stabilised score and
th03e in group" exhibited a lower stabilised score. The sham operated animals continued

to maintain the cyclic hoarding pattern. On 10th day of the operation the group I animals
were then administered progesterone subsutaneously in the dose of 2 mo/I<g diluted in
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0.2 ml of groundnut oil every fourth day for 20 days. The animals in group II received
injections of estradiol benzoate subcutaneously in the dose of 10 p.g/kg diluted in 0.2 ml
groundnut oi I every fourth day for 20 days. The body weight food intakes and hoarding

scores were determined after the hormonal treatment.

RESU LTS AND DISCUSSION

It was observed in general that the female rats. when kept on restricted food schedule
of 2 hours for 8 days reduced the food intake and body weight upto about 15 percent. They
exhibited the usual vaginal cycles and cyci'ic vaairal ptt€rn of hoarding when allowed to
hoard food r:;ellets for 30 minutes. The animals ShOWEd a tendency to hoard more food
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fig. 1 : Hoarding SCOre (Number of pel!ets hOarded in 30 minutes). Food Intake and body weights during
two estrus cycles alterations after ovar;ectcmy and after prcgesterone ;njections in 13 female rats.
Mean±SE.M. Post·ovariectomy hOarding SCOre significantly decreaSEd on injection of Progesterone
(PO<::.01).

P - Proestrus F - Estrus M - Metestrus

D - Diestrus Ovx - Ovariectomy.

Arrow pOinted upwards (t) indicates the days of injections.
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during proestrus. the score reduced in estrus end was the least in diestrus. All the
subjects were observed to eat food at variable ,intervals during 30 minutes of hoarding.
The food intake computed for 120 minutes and the body weights were the lowest at estrus
and showed an increase after ovariectomy. Slight decrease in food intake and body
weight was seen after estrogen administration. No marked alterations were observed
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Fig. 2 : Hoarding Score (Number of pellets hOarded in 30 minutes). Food intake ?nd borly weights duri~9

twO estrus cycles alterations after ovariectomy and after estrogen injections in 10 female rats.

Mean±SE.M. Post-ovariectomy hoa'd'ng scare significantly increJsed on injection of eestrogen
(P<0.001).
P _ Proestrus E - Estrus M - Metestrus

D - Diestrus Ovx-Ovariectomy.

ArrOw pointed upwards (t) indicates the dill's of injections.
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after progesterone administration. Fig. 1 displays the hoarding pattern of 13 animals
before and after ovariectomy and administration of rrogresterone. Fig. 2 depicts the

ho·arding pattern of 10 animals before and after ovariectomy and after administration of

estrogen. The animals in the present series WEre observed to have developed hoarding

score after being food deprived for 22 hours a day for 8 days. The food intake and body

weight though reduced under this schedule, showed cyclic variatons as in animals fed

ad libitum.

It was observed in earlier studies (unpublished data) that the hoarding score in
rats after ovariectomy largely depended upon the time of ovariectomy. This was confirmed
in the present two series in which the score remained high in those animal1s in which

the operation was carried out during proestrus (Fig. 1), and lowel in those operated at
diestrus (Fig. 2). Subsequent Injection of progesterone in high score group btought
about in reduction of the score (Fig. 1) and injection of oestrogen in the low score group
improved the hoardinq score in the other group (Fig. 2). The rresent study thus indicates
the tole of ovarian hormones in hoarding. It seems Dossible that increased levels of
estrogens at rroestrus influences several body functions including tendency to hoard as
much food as rossible. it is known that at estrus the level of estrogens in the blood
is slightly reduced as comrared to that at proestrus (12). This is likely to reduce the
hoarding score at estrus. Similar higher score at proestrus and lower one at estrus has
been reported by HErberg et al. (5). The hoarding is also likely to be influenced by
progesterone which is secreted in metestrus and diestrus. This is apparent in the reduced
hoarding score observed in the animals after progesterone administration. In the intact

body itis likely that higher levels of estrogens at estrus enhance the hoarding behavior
and the same is attenuated in metestrus and diestrus because of higher blood levels of
progesterone. The hoarding behaviour in these phases is influenced by the balance
between the roles played by these two hormones wr,ich continue to be secreted. :n
the adult female estrogen exerts the limiting effect on food intake and body weight to a
level well below that of the male (8). It is known that a freely fed female is subject to
self imposed dietary restriction which would rresumably release hoarding behaviour.
In the present series the food intake and body weight were rp.duced at estrus but the
hoarding score improved markedly at proestrus.

Herberg et al. observed that animals had higher scores at proestrus. metestrus and
diestrus, the least being at estrus (5). The r::resent results co not support their findings
possibly because of the fact that the food-deprived animals in their study were kept for

hoarding for 10 min only in contrast with 30 min duration allowed in the present series.
/0 test this hypothesis five animals were kept for hoarding for 10 min and the hoarding
scores were comrared to those with 30 min session. It is noted that hoarding score in
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metestrus improved and attains the score documented by Herberg et al. The score in
diestrus was however observed to be lower than that at estrus.

The present work elucidates the role of estrogen and progesterone in cyciic pattern
of hoarding in female rats. These ovarian hormones are known to influence diencephalic
areas (2). It remains to be seen whether the estrogen and progesterone sensitive receptor
cells are situated in dorso-medial thalamus. caudate-putamen and neocortex constituting
motivational system (1.6, 9. 10). Intracerebral administration of estrogen or progesterone
could elucidate the role of these hormones further.

J'>.CKNOWLEDGEMENTS

The authors gratefully acknowledge the financial assistance from the Director­
General. I.C.M.R. They also are gratefuf to Mrs. Sulaksha Naik. Technician. for the
technical help extended to them.

REFERENCES

1. Barker. AS. and M.G Gogate. Hoardirg in caudate--Iesione-d rats. Ind. J. Exp. Bio.. 18 : 690-692. 1980.

2. Cox. V.C. and J.M. King. The effects of estradiol on food intake and weight in ovariectomised rats With amyg­
daloid lesions. Physio!. Psycho/.. 2 (3A) : 371-375. 1974.

3. Finger. F.W. Es!rus and general activity in the rat. J. Compo Physiol. Psycho/.. 68 : 461-463.1969.

9. Herberg. L.J. and J.E. Blundell. Interaction of ventromedial and lateral hvpothalamic mechanisms in the
regulation of feeding and hoarding behavioL:r in the rat. Q. J. Exp. Ps,/chol.• 22 : 133-141. 1970

5. Herberg. L.. J.G. Pye and J.E. Blundell. Sex differences in the hypothalamic regulation of food hoarding:
HOrmones versus calories. Anim. Behav., 20 : 186-191. 1972.

6. Herberg. L.J. and J.E. Blundell. Lateral hypothalamus hoarding activity elicited by electrical stimulation.
Science, N. Y.• 155 : 349-350. 1974.

7. King. J.M. and V.C. Cox. The effects of estrogens on toad intake and body weight fOllowing ventromedial
hypothalamic lesions. Physiol. Psychol.. 1 : 261-264. 1973.

8. Kennedy, G.C. Interactions between feeding behaviour and hOrmOnes during growth. Am. N. Y. Acad. Sci.
157 : 1049-1051. 1969.

9. KOlb. B. Some test of response habituation in rats with discrete to the orbilal Or medial frontal cOrtex. Canad.
J. Psychol., 28 : 2e0-263. 1974.

10. KOlb. B. Studies on tne caudate putamen and the Dorsomedial Thalamic Nucleus of the rat. Implications
for mammalian frontal lobe functions. Physiol. Behav., 18 : 237-240. 1976.

11. Marx. M.H. Experimental analysis of the hoarding habit in the rat. J. Compo Physiol. Psycho/.. 44 : 168-170,
1951.

12. Midgley A. R. in : Human Reproduction. Hofez ESE. Evans TN (Editors). Harper & Row. 1973. quoted by
Ganong W.F. Maru7em Asian Edition 10th: 353-355. 1981.

13. Morgan. CT. E. Ste-l!ar and C. Jehnson, Fecd deprivation and hoarding in rats. J. Compo Psychol., 35 :
275-295. 1943

14. Morgan. C.T. and E. Stellm. Physiotcglcal Psveholegy (Mcgraw- Hill Beak Co. Inc. New York. TOronto. London):
408-410.1950.

15. WOlfe. J.B. An explcratory study of food storing in rats. J. Compo Psychol.. 28 : 97-108. 1939.

16. Zucker. I. Body weight and cge as fac Ors determining estrcge-n responsive-r.e-ss in the rat feeding system.
Behav. BIO/.. 7 : 527-529. 1972.


